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REPORT BRIEF 

INITIAL EVALUATION TESTS 
OF 

STANDARD AND TEFLONATED NEGATIVE ELECTRODE 
20.0 AMPERE-HOUR, NICKEL-CADMIUM SPACECRAFT CELLS 
WITH AUXILIARY ELECTRODES 
MANUFACTURED BY GENERAL ELECTRIC COMPANY 


Ref: (a) NASA Purchase Order S- 23404- G 

(b) Initial Evaluation Test Procedure for Nickel -Cadmi um Sealed 
Space Cells: NADC 3053-TP324, 10 Apr 1973 

I. TEST ASSIGNMENT BRIEF 

A. The purpose of this evaluation test program is to insure that 
all cells put into the life cycle program are of high quality by the 
screening of cells found to have electrolyte leakage, internal shorts, 
low capacity, or inability of any cell to recover its open-circuit 
voltage above 1.150 volts during the internal short test. 

B. The 20 cells were manufactured for the National Aeronautics and 
Space Administration, Goddard Space Flight Center, under the NASA con- 
tract number NAS-5- 17876, by General Electric Company, Gainesville, 

Florida. They were manufactured to Goddard Space Flight Center's speci- 
fication number S-761-P-6, In which 10 cells have teflonated, negative 
electrodes (TFE-II). The electrodes of these cells were teflonated prior 
to the Electrochemical Cleaning Test (ECT) and were identified by General 
Electric catalog number 42B020AB29-G4. The other cells had catalog number 
42B020AB3Q-G4 and had standard electrodes. These cells are rated at 

20.0 ampere-hours, contain double ceramic seals, and were fitted with 
pressure gauge assemblies prior to testing. All cells contain a teflon- 
coated (one side only, next to cell case), sintered, nickel plaque 
auxiliary electrode, located along the narrow edge on the negative terminal 
side of the cell. The auxiliary resistor used throughout the test was 
300 ohms. Testing was funded in accordance with reference (a). 

C. Test limits specify those values In which a cell is to be 
terminated from a particular charge or discharge. Requirements are 
referred to as normally expected values based on past performance of 
aerospace nickel -cadmium cells with demonstrated life characteristics. 

A requirement does not constitute a limit for discontinuance from test. 

II. SUMMARY OF RESULTS 

A. The average weight of the teflonated negative plate cells 
was 2B.7 grams heavier than the standard plate cells. This is attributed 
to the amount of electrolyte (greater for the teflonated cells) in the 
two cell designs. 
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B. The cell containers had a convex contour, in which the average 
thickness of the cells was 0.013 inch thicker at the maximum thickness 
when compared to the minimum thickness, which was the edge of the 
container. Following test, this value was 0.010 inch, indicating a 
reduction in the plate stack thickness, although some cells did increase 
i n thickness . 

C. The standard plate cells exhibited higher average end- of- charge 
(EOC) voltages than the cells with teflonated negative plates; they also 
delivered a higher capacity output in ampere-hours (ah) following these 
charges. The following is a listing of these averages: 


Teflonated Cells Standard Plate Cells 


Charge Volts ah Out Volts ah Out 


C/20 

for 

48 

hours 

0 

25° 

C 

1.435 

29.9 

1.436 

30.9 

C/10 

for 

24 

hours 

0 

25° 

C 

1.442 

29.8 

1,448 

30.8 

C/10 

for 

24 

hours 

0 

20° 

C 

1.451 

28.5 

1.454 

29.8 

C/10 

for 

24 

hours 

0 

20° 

C 

1.451 

27.2 

1.456 

28.0 

C/40 

for 

20 

hours 

0 

20° 

C* 

1.365 

5.4 

1.367 

5.6 

C/20 

for 

60 

hours 

0 

0° 

C 

1.472 

28.6 

1.477 

29.1 

C/10 

for 

24 

hours 

0 

35° 

c 

1.406 

29.9 

1.407 

30.1 


♦Charge Efficiency Test, 10 ah input. 


D. During the auxiliary electrode characteristic tests, maximum 
signal power was obtained with a 200- ohm resistance; but a 300- ohm 
resistance was used throughout the tests as instructed by the Goddard 
Space Flight Center Technical Officer. 

E. The average cell voltage at the end of one week open-circuit, 
during the charge retention test, was 1.314 volts. 

F. The 24-hour average cell voltage following a 16-hour short 
period, for the teflonated and standard negative plate cells was 1.203 
and 1.210 volts respectively. 

G. Seven teflonated negative plate cells delivered less than 55% 
of the input capacity requirement during the 20°C charge efficiency 
test. 

H. All the cells reached a pressure of 20 psia before reaching 
the voltage limit of 1.550 volts during the pressure versus capacity 
test. The average ampere-hours in and voltages at this pressure were 
33.6 and 1.505 volts respectively for the teflonated negative plate 
cells and 35.5 and 1.523 volts for the standard plate cells. All cells 
exhibited pressure decay in the range of 1 to 7 psia during the last 

30 minutes of the 1-hour open-circuit stand. Average capacity out for 
the teflonated and standard negative plate cells was 29.4 and 29.9 
ampere-hours respectively. 
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III. RECOMMENDATIONS 

A. Manufacturing processes and controls should be such to 
prevent swelling of the plate stack, thereby preventing cell case 
distortion. 

B. It is recommended that the cells be placed on life test to 
evaluate and compare the teflonated negative plate electrode cells with 
the standard plate cells. 
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RESULTS OF 

INITIAL EVALUATION TESTS 
OF 

GENERAL ELECTRIC COMPANY 
STANDARD AND TEFLONATED NEGATIVE ELECTRODE 
20 .0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS 
WITH AUXILIARY ELECTRODES 

I. TEST CONDITIONS AND PROCEDURE 

A. All evaluation tests were performed at room anfcient (RA) 
pressure and temperature (25° + 2°C) , with discharges at the 2-hour 
rate, and in accordance with reference (b), unless otherwise specified, 
and consisted of the following: 

1. Phenol phthalei n leak tests (2). 

2. Three capacity tests, third at 20° C, with internal 
resistance measurements during second charge/ discharge. 

3. Auxiliary electrode characterization test. 

4. Charge retention test, 20°C. 

5. Internal short test. 

6. Charge efficiency test, 20°C. 

7. Overcharge tests, 0°C and 35 °C. 

8. Pressure versus capacity test, 

9. Phenol phthalei n leak test. 

See Appendix I for summary of test procedure. 

II. CELL IDENTIFICATION AND DESCRIPTION 

A. Ten cells were manufactured with standard plates while the 
other 10 had a teflonated negative plate. The cells were identified 
by the manufacturer's catalog and serial nunfcers as follows: 

Manufacturer's Number 

Catalog Seri al Type Negative Plates 

42B020AB29 1-10 Teflonated 

42B020AB30 1-10 Standard 


The cells were fitted with pressure gauge assemblies and placed in. 
temporary pack configurations for initial testing (Packs 513X, 514X and 
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B. The 20.0 ampere-hour cell is rectangular with an average 
weight and physical dimensions as follows: 


Overall 

Weight (g)* Height (in.) 

132.7** 6.908 

1293.0 

♦Manufacturer’s data with swagelock fittings 
**Teflonated negative plate 

C. The cell containers and covers are made of stainless steel. 

The positive and negative terminals are insulated from the cell cover 
by ceramic seals and protrude through the cover as sblder-type terminals. 

0. The auxiliary electrode is a teflon-coated (one side only, next 
to cell case), sintered, nickel plaque located along the narrow edge of 
the negative terminal side of the cell, 0.3 centimeter below the top of 
the plate stack. The tab is welded between the cell cover and the case. 
Its physical area is approximately 10 square centimeters (1.9 cm x 5.1 cm) 
with a bag-type enclosure of pellon 2505K4 material. The auxiliary 
resistor is 300 ohms. 

III. RESULTS- -THE FOLLOWING WAS CONDENSED FROM TABLES I THROUGH VII 

A. The average weight of the teflonated negative plate cells was 
20.7 grams heavier than that of the standard plate cells. This is 
attributed to the amount of electrolyte (greater for teflonated cells) 
in the two cell designs. 

B. The cell containers had a convex contour, in which the average 
thickness of the cells was 0.013 inch thicker at the maximum thickness 
when compared to the minimum thickness, which was the edge of the 
container. Following test, this value was 0.010 inch, indicating a 
reduction in the plate stack thickness, although some cells did increase 
in thickness . 

C. The standard plate cells exhibited higher average end-of-charge 
(EOC) voltages than the cells with teflonated negative plates; they also 
delivered a higher capacity output in ampere-hours (ah) following these 
charges. The following is a listing of these averages: 



Teflonated Cells 

Standard 

Plate Cells 

Charge 

Vol ts 

ah Out 

Vol ts 

ah Out 

C/20 for 48 hours 0 25°C 

1.435 

29.9 

1.436 

30.9 

C/10 for 24 hours @ 25°C 

1.442 

29.8 

1.448 

30.8 

C/10 for 24 hours 0 20°C 

1.451 

28.5 

1.454 

29.8 

C/10 for 24 hours @ 20°C 

1.451 

27.2 

1.456 

28.0 

C/40 for 20 hours 0 20°C* 

1.365 

5.4 

1.367 

5.6 

C/20 for 60 hours 0 0°C 

1.472 

28.6 

1.477 

29.1 

C/10 for 24 hours 0 35°C 

1.406 

29.9 

1.407 

30.1 

♦Charge Efficiency Test 

, 10 ah 

i nput . 




2 


Thickness (in.) 

Pre-Test Pos t-Test 


Minimum Maxi mum Maxi mum Width (in.) 


0.896 0.909 


0.906 


3.007 
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1). Average Internal Resistance Measurements (mill iohms) : 


Measurement Taken R esistance 


30 min. before end-of-charge (Cycle 1) 2.20 

1 hr. after start-of-discharge (Cycle 2) 2.18 

2 hrs. after start-of-discharge (Cycle 2) 2.15 


E. Maximum power was obtained with a 200 -ohm resistor during the 
resistance characteristic test, although a 300-ohm resistor was used 
throughout the tests as instructed by the Goddard Space Flight Center 
Technical Officer. 

F. The average cell voltage at the end of one week open-circuit, 
during the charge retention test, was 1.314 volts. 

G. The 24-hour average cell voltage following a 16- hour short 
period, for the teflonated and standard negative plate cells was 1.203 
and 1.210 volts respectively. 

H. Seven teflonated negative plate cells delivered less than 55% 
of the input capacity requirement during the 20 °C charge efficiency 
test. 

I. All the cells reached a pressure of 20 psia before reaching 
the voltage limit of 1.550 volts during the pressure versus capacity 
test. The average ampere-hours in and voltages at this pressure were 
33.6 and 1.505 volts respectively for the teflonated negative plate 
cells and 35.5 and 1.523 volts for the standard plate cells. All cells 
exhibited pressure decay in the range of 1 to 7 psia during the last 30 
minutes of the 1-hour open-circuit stand. Average capacity out for the 
teflonated and standard negative plate cells was 29.4 and 29.9 ampere- 
hours respectively. 


3 
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APPENDIX I 

GENERAL ELECTRIC COMPANY 
20.0 AMPERE-HOUR CELLS 


4 
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APPENDIX I 

I. TEST PROCEDURE 

A. Phenol ph th a lein Leak Tests: 

1. This test is a determination of the condition of the 
welds and ceramic seals on receipt of the cells and following the 
last discharge of the cells (Cycle #8). 

2. The cells were initially checked with a one-half of 

one percent phenol phthalei n solution applied with a cotton swab and 

then placed in a vacuum chamber and exposed to a vacuum of 40 microns 
of mercury or less for 24 hours. Upon removal they were rechecked 
for leaks and then received a final check following test completion. 
The requirement is no red or pink discoloration which indicates a 
leak. 

B. Capacity Tests: 

1. The capacity test Is a determination of the cells' 

capacity at the C/2 discharge rate to 0.75 volt per cell, where C is 

the manufacturer’s rated capacity. This type discharge follows all 
charges of this evaluation test. 

2. The charges for the capacity tests are as follows: 

a. C/20, 48 hours, room ambient (RA), Cycle 0, with a 
test limit of 1.52 volts or pressure of 100 psia. 

b. C/10, 24 hours, RA, Cycle 1, with a test limit of 

1.52 volts or 100 psia pressure and a requirement of maximum voltage 
(1.48) or pressure (65 psia). 

c. C/10, 24 hours, 20°C, Cycle 2, with the same limits 
and requirements as the charge of Cycle 1. 

C. Special Resistance Characterization Tests for Auxiliary 
Electrode Cells: 

1. The purpose of this test is to determine the resistance to 
be placed across the cell's auxiliary electrode and negative terminals 
which will provide maximum signal when the cell is fully charged. 

2. The cells are charged at C/10 for 24 hours at the room 
ambient temperature following their initial charge/discharge cycle. 
Following this the cells are continued on charge with the current 
reduced, if necessary, to maintain the cell’s voltage below 1.520 
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volts and to stabilize the pressure between 10-20 psia. Resistance 
values, between 10,000 ohms and 0.1 ohm are then placed between the 
auxiliary electrode and the negative terminal. The cells are allowed 
a minimum of 5 minutes, at each resistance value, to obtain an equilib- 
rium voltage across this resistance. This voltage value is then recorded 
and by calculation using the equation P = E^/R the resistance that 
produces maximum power is determined. 

D. Internal Resistance: 

1. Measurements are taken across the cell terminals 1/2 hour 
before the end-of-charge (E0C) on Cycle 1 and 1 and 2 hours after the 
start-of-dis charge of Cycle 2. These measurements were made with a 
Hewlett-Packard mi 1 1 i ohmmeter (Model 4328A). 

E. Special Charge Retention Test, 20°C: 

1. This test is to establish the capacity retention of each 
cell following a 7-day open-circuit-stand in a charge mode. 

2. The cells are charged at C/10 for 24 hours with a test 
limit of 1.52 volts or 100 psia pressure. They then stand on open- 
circuit for 7 days, with the requirement that the open-circuit voltage 
of each cell, following this period, is within +5 millivolts of the 
average cell voltage. The cells are then discharged and 80 percent 
capacity out of that obtained in Cycle 3 is required. 

F. Internal Short Test: 

1. This test is a means of detecting slight shorting conditions 
which may exist because of imperfections in the insulating materials, 

or damage to element in handling or assembly. 

2. Following completion of the third capacity discharge, the 
cells are shunted with a 0.5-ohm, 3-watt resistor for 16 hours. At the 
end of 16 hours the resistors are removed and the cells stand on open- 
ci rcuit-vol tage (0CV) for 24 hours. A minimum voltage of 1.15 is 
requi red at the end of 24 hours . 

G. Charge Efficiency Test, 20 °C: 

1. This test Is a measurement of the cells 1 charge efficiency 
when charged at a low current rate. 

2. The cells are charged at C/40 for 20 hours with a test 
limit of 1.52 volts or 100 psia pressure. They are then discharged 
and the requirement is that the minimum capacity out equals 55 percent 
of capacity in during the preceding charge. 
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H. Overcharge Test #1, 0°C: 

1. The purpose of this test is to determine the degree to 
which the cells will maintain a balanced voltage, and to determine 
the cells' capability to be overcharged without overcharging the 
negative electrode. 

2. The cells are charged at C/20 for 60 hours. The test 
limits are cell voltages of 1.56 or greater for a continuous time 
period of 2 hours or pressures of 100 psia. The requirement is a 
voltage of 1.520 or a pressure of 65 psia. The cells are then dis- 
charged and 85 percent capacity out of that obtained in Cycle 3 is 
requi red. 

I. Overcharge Test #2, 35°C: 

1. This test is a measurement of the cells' capacity at a 
higher temperature when compared to its capacity at 20°C. This test 
also determines the cells' capability of reaching a point of pressure 
equilibrium; oxygen reconfclnati on at the negative plate at the same 
rate it is being generated at the positive plate. 

2. The cells are charged at C/10 for 24 hours with a test 
limit of 1.52 volts or 100 psia pressure and a requirement of 1.45 
volts or 65 psia pressure. The cells are then discharged with a 
requirement that capacity out equals 55 percent capacity out as 
obtained in Cycle 3. 

J. Pressure versus Capacity Test: 

1. The purpose of this test is to determine the capacity to 
a pressure and the pressure decay during charge and open circuit 
stand respectively. 

2. Each cell is charged at C/2 to either a pressure of 20 
psia or a voltage of 1.550. Recordings are taken on each cell when 
it reaches 5, 10, 15 and 20 psia pressure. The cells then stand 0CV 
for 1 hour with 30-minute recordings and then are discharged, shorted 
out and leak tested. 
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/? 

30.3“ 

-.008 

2 

/Msy 

,S3o 

29 

29,2 

.or? 

3 

oo"? 

/,43S 

.37 9 

25“ 

3/./ 

-4S7 

3 

1,441 

MoG 

/S’ 

3/.Z 

-:olf 

2 

/Msi 

.400 

22- 

30.2 

-,062 

?, 

. . 

0 o9 

/M38 

,Vz7 


30.9 

- ,/(t ,0 

2 

/.4rz 

,sro 

/S’ 

30. s 

-,o4o 

2 

JMS3 

.Si/ 

28 

29. 8 

.o/s 

2 

— 

oo*? 

l.44o 

,3 IS 

/3 

31,/ 

-.014 

to 

1,448 

.448 

33 

• 30.9 

-.032 

If 

/Ms/ 

.443 

38 

30.2 

-.029 

// 

0/0 

{■44! 

.318 

/o 

30. S 

-. 03 - 7 . 

7- 

(Mro 

.Sol 

23 

30. V 

~.OoS 

3 

/Ms3 

.376 

29 

29.8 

,036 

3 












































































- 





















9ND-HADC (SP 11/73) 



4-B Bo /f B 2^ 


TABLE III 

INTERNAL RESISTANCE AND SHORT TEST DATA 

9KD-MADC (gp 11/73) ; ' 


SERIAL 

NUMBER 

INTERNAL RESISTANCE (MILLIOHMS) 

INTERNAL SHORT TEST 

END-OF- CHARGE 

ONE HOUR AFTER 
START-OF-DISCHARGE 

TWO HOURS AFTER 
START-OF-DISCHARGE 

AFTER 16 
HR SHORT 

AFTER 24 HOUR 
OCV STAND 

CELL 

CELL 

PRESS 

00 1 

Z. 2 L 

2.3 

, 2.2 

.00 ^ 

7 . 10 1 

V 

00 2 

2-3 

2.3 

Z.l 

, 00*7 

l.^ol 

V 


2.2 

2.2 

’Z.l 

I 

1,10/ 

S' 

oo L f 

2 . 2 

2.3 

2,2 

5^1 

/, zoo 

V 

00 S' 

2-3 

2.3 

2^2 

, 00 & 

f,2X>S 

V 

00 G 

2.3 

23 

2.2 

.070 

/< ZC>3 

V 

I 

2.2 

2 . V 

2.2 

, 00 ? 

7, ZOS" 

S' 

&&¥ 

2 ./ 

2.0 

2.0 

- of 0 

7. Z. O 2, 

V 

MM5B8 

23 

Z.l 

2,7 


erai 

3 

O fO 

2.2 

Z. 1 

ZJ 

. 0 7c 

7* 2 oy 









00 ( 

2.{ 

2.1 

Z't 

.oV 2 

i.Zlf 

V 

00 Z 

23, 

2 .X 

2 ,L 

1 

/,ZH 

S' 

003 

2 . 2 

Z.l 

2,2 

.0 7/ 

/ . 2 . 0*7 

2 

OO^ 

2.2 

Z.l 

2 . 1 

.073 

/. Z/7 

2 

Oo5‘ 

2.3 

2.2 

2.2 

.OS- 2 . 

7 . 2 V 2 . 

3" 

OO G 

Z.l 

2,( 

2 . / 

.oH-G 

7 , z .72 

2 

&'-? 

z,( 

Z.l 


, Of S' 

73/0 

/ 

0 OB’ 

z , 1 

2.1 

2. f 

.os-1 

f,Z/G 

1 


2.2 

2.2 

2.2 

,o <0 

1. 2:07 

<=? 

a 10 

2.2 

Z.l 

2.2 

, 05 ' 7 

/. X 07 

/ 
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II 




in 



mnn 
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46 3o 1 * — 4g 2/7 


Xh a rge Effiaiencx-(.2fl£C. 
EHP-0F- CHARGE 
AUX 

CELL ELECT PRESS 
(Volts) (Volts) (PSIA) 


/.3G3 
f, 'l( 0 < 4 
L 1A,S 
t.3^4 
A343 
/.3fc4 


i.scn 




001 

1,-3 tn 

00 ~L 

/.3&7 

■ 

1SSM 

1 

l.?<e 7 

QOS' 


CO (a 

M LT> 

009 

(< 3fl 



OO ^ 

{. 3 tn 

0/0 




EMD- OF- P IS CHARGE 
CAPAC- AUX 
in ELECT PRESS 

(ah) (Volts) (PSIA) 

3~.l .otG V 

S.T-* ,Q(( 4 

s:4 iQiL y 

si 3 ,03s- H 

s~,3 ,o'Sf 4 

SI 4 .02-5 V 


TABLE IV 

Char ge Efficiency and Overcharge Data 

Overcharge Test (0°) 

E N D- OF- CH ARGE~' END-OF- DISCHARGE 

AUX CAPAC-1 ADX 

CELL.. ELECT PRESS ITY ELECT PRESS 

(Volts) (Volts) (PSIA) (ah) (Volts) (PSIA) 



A4?3 

*443 

Vt. 

^.3 

.002, 

<0 

A470 

,S<3> 


2-8,? 

.o<&> 

/o 

/. 

,<4z. 

S"0 


,0(0 

(0 



Overcharge Test (350 
ENU-OF-CHARGt 
AUX 

CELL ELECT PRESS 

(Volts) (Volts) (PSIA) 

/,4b? .4f3 30 

/,4ofc .*41? 

/■4o8 2./ 

30 

A4o£ ,<<94 xz. 

/,4o8 .TTz-*/ 

.¥S'3 


(a 



A 407 

m 

A 4 og 

5 * 

A 4 og 

to j 

/, 4 o 7 

*7 

(M/o 

(? 

tM to 

Co 

IBS 1 

II 

/. 4 b 7 

? 



END- 

CAPAC- 

ITY 

(ah) 


OF-DISCHAR GE 

AUX 

ELECT PRESS 
(Volts) (PSIA) 


2 <?.r 

-,oo3 

r 

^.7 

-,osV 

5" 

30,2 

.046 




iEa 

.on 

4 

30.0 

.OCcS 

£> 

3o.< 

BSBSB 

3" 

30,3 

, 032 - 

V 

30,2 

.05‘2 

/O 

30.0 

,050 

5" , 

30,4 

.07.3 

S' 

3c. ( 

*©77 

EH 

30 

.044 

fl 

24«7 

.o3fc 

V 


GeW* Eet/'r/ZSeB o*J 

























































































































































































TABLE V (Teflon Cells) 
PRESSURE VS. CAPACITY TEST DATA 


Serial No. 

oof 

007. 

(503 

oo*4 

OO 5~ 

OO 6 

OO? 

oo S 

ooft 

O '0 







Start-of-Charqe, Press. 

4 

4 

Co 

4 

(o 

4 

S' 

T 

S* 

4 







AH in to 5 PSIA 

— -n 

/7.G 

9.7- 


EEB 


14 











Cell (volts) 

/.v/r 

(.4(0 


t.40 7 


!.4o% 











Aux (volts) 

.eft 2 

.oi4 


.OtS* 


.on 











AH In to 10 PSIA 

2ft. T- 

3oA 


73. 5" 

zS .5 

79.7 

79 5" 

3(,P 

3o, o 

2 5.6 







Cell (voltsl 

t.45T~ 

(AsG 

(.45( 

1442 

(44? 

/,4 s 2 

IA4£ 

AV6 6 

A9y6> 

(.44 G 







Aux (volts) 


.■Hi. 

.7*82 

.2ft t 

.lift 

.,363 

,3co 

.369 


,3of 







AH In to IS PSIA 

37.0 

3i.3 

37.3 

31. 3 

2(4 

37. f 

3(4 

3<-G 

in b 

33.6 







Cell (volts) 

(Afto 

1424 

f.S< D7 

1,47? 

(.424 

(■*?( 

1472 

/,S0<6 

/.4ft? 

(.4? 5 







Aux (volts) 


,3ftG 

,4oS 


An 

.445- 

.328 

.432 

.43 ' 7 

.387 







AH tn to 20 PSIA 

3z.T 

33 . r 

37.? 

37.5" 

33, ( . 

33. ( 

33. f 

35.7 

3*£z 

3>73 





' 


Cell (volts) 

(.4ft ft 

(.503 

LSO(o 

(.50 ( 


/. TO 3 

ATof 

mourn 

/.ro? 

(.5fO 







Aux (volts) 

.44>Q> 

.355" 

.402, 

.38( 


.414 

.3T? 

. 45(& 

.•¥7# 

. ,36o 







AH In to V/L (1.55V) 

















Aux (volts) 

















Press (PSIA) 

















30 Min OCV. Cell 

(Aot. 


1403 

l.4o( 


(,4o<{ 

L403 

(,4i o 

/,<05" 

(,4ol 







Aux (volts) 

A(eO 

.3 22 

.339 

,4c o 

.421 

.422, 

M«> 

.445 









Press (PSIA) 

2.7- 

-2,2, 

77 

7.0 

73 

27 

23 

(ft 

73 

20 







_J__hour OCV. Cell 

(,3ft 2, 

l,3ft4 

f. 3*93 

1.3ft l 

f.W 

f. 3?3 

A 39 3 

(,3ft 8 

(Aft? 

t,3ft(c 







Aux fvolts ) 

.440 

.363 

.353 

.365" 

,^Tr 

RB9 

.395* 

.4(o 

,4~l(c 

,370 







Press (PSIA) 

20 

n 

(2 

<2 

n 


n 

(5~ 

2,7- 

(8 







EOD AH out 

2ft. ( 

2.9.6 

2ft, f 

2ft. -L 

2ft, ( 

29,3 

2ft; 3 

2ft, ft 

2ft. 2, 

30.1 







Aux (volts) 

.t 8 r 

JU> 

,to4 

.131 

,/Sz 

./7Z 

.'38 


mm 

.(45 







Press (PSIA) 

5* 

S 

8 

(d 

8 



S~ 

£ 

C 









9ND-NADC (SP 11/73) 










































































































































































































TABLE V (Standard Cells) 
PRESSURE VS. CAPACITY TEST DATA 


^prial Nn. 

oo/ 

ooi~ 

oo3 

OO Y 

<50 S' 

00 (0 

007 

008 

~ 

00 ? 

0 ro 







Start-of-Charqe, Press. 

5“ 

S~ 

5" 

Y 

k 

5~ 

S'* 

Y 

/o 

Y 







AH In to 5 PSIA 



■HH 

mm 




/ 2 .fe 









Cell (volts) 




/.4o4 



jcoasM 

isura 


A4o? 







Aux (volts) 




. 00 ? 




.oS7 


,020 • 







AH In to 10 PSIA 

34.0 

31,7- 

34.0 

$4.5* 

32.5* 

34o 

32.5* 

34. fc 


33. fc 







Cell (volts) 

/.soi 

{A<cO 

WJ? 

/Ac\. 

(.*&? 

/.VS? 

A4&7 

A 573 


A 503 







Aux (volts) 

.3 tr 

.30/ 

,31 & 

M 

.30? 

,358 

,33“£ 

.44/ 


.3? 8 







AH In to 15 PSIA 

34? 

— 

3475 

34? 

34? 

34.? 

34 5~ 

34? 

35.3 

256 

34.2 







Cell (volts) 

/.5*2/ 

(.ST) 

(,S~tO 

t,S(f 

/.3b? 

/.SVG, 

/.S72 

(.52.3 

A437 

As?g 







Aux (volts) 

,44 z. 

.433 

Al8 

,440 


.44 3 

.44 3 

All 

428 

,435* 







AH In to 20 PSIA 

35\Y 

l$Z- 

3578 

3t.O 

3r.8 

3ST2 

EB 

\ s.i 

3 *70 

3570 







Cell (volts) 

/.rts* 

AS* 24 

(.SIX- 

A 3*2-/ 

/,523- 

A 3*23 

/«S*12. 

{.szt> 

A5~20 

A52& 







Aux (volts) 

An 

Al( 

Ai<o 

All 


.486 

.480 

,570 

.402 

.47? 







AH In to V/L (1.55V) 

















Any f uni tc 1 

















Press (PSIA) 

















30 Min OCV, Cell 

r,4o3 

A4b2 

/Y 03 

(ft 0 Y 

A4C>3 

A4o2 

A 403 

AV/O 

/,4b 5* 

/,4o 5* 







Aux (volts) 

,32k 

.37# 

.337- 

.347 

.342 

,353 

,35tf 

.447 

.303 

.37 S 







Press (PSIA) 

15~ 

1? 

rf 

2-0 

(* 

n 

n 

/fe 

/S’ 

n 







1 hour OCV. Cell 

/.3?& 

A3?& 

A3?& 

A3?6> 

A3?& 

/.3?s* 

A3?4 

A3?? 

A 3? 6 








Aux (volts) 

.283 

.74/ 

.3ZS 

.313, 

.3/4 

. 3/7 

.334 

.3?6 

. 247 - 

.3z£ 







Press (PSIA) 

/z. 

/r 

(( 

(3 

rr 


/4 

/Y 

Ao 

(3 







EOD AH out 

2?.7 

2 

30,2- 

JEEM 

30. T- 

2-Y7 

30.2- 

30.0 

K££B 

2?. 6 







Aux (volts) 

— .OCo 

.011 

.00 8 

.if? 7- 

.07.3 

. 08 / 

.0/0 

.013 

.038 

.07. ST 







Press (PSIA) 

(a 

1 

5" 

• r 

6 

£, 

£> 


" 

Y 








9ND-NADC (SP 11/73) 
































































































































































































TABU VI 


5 J7D-NADC (SF Il/73) SPECIAL RESISTANCE CHARACTERISTIC DATA ON THE AUXILIARY ELECTRODES 



ooato) 

009 (# 3 ^ 4 ) 


oo9(AB3o) 

0 

0 

? 

AVERAGE * 

1 

I OHMS 

i 

VOLTS 

PRESS 

VOLTS 

PRESS 

VOLTS 

PRESS 

VOLTS 

PRESS 

VOLTS 

PRESS 

VOLTS 

MILLIWATTS 



/;T 

.0/7 

K9 

- 


/23& 

20 

MS 


.0(7/*? 3o 


— 

5,000 

— 

,7*?*/ 

(S 

.->22 

— 

_ w 


. 

.729 

20 

nsB 

II 

.79// 773 

,/2*/ no 

1 2,000 j .7c< 

IS 

nc 4 



■ 

. 0,41 

20 

,7zo 

11 

.lo^/.G 8 ( 


11— U 

(S 

U 2 , 

EB 


Szl 

20 

.577 

mm 


. 57 o/ 3 /G 

500 . i 

IS 

MS 3 

xl 


,381 

20 

, 4 sl 

/ 0 

AS t/.S((* 

| - - — -- 

— j 

230 .331 

(4 

,320 



. 2 CS 

20 

.290 

(0 

,375/2.77 

.5-28/38*/ 


f¥ 

.U 4 

1 ~\ 


JS 3 

20 

Al 4 

10 

,222/ /G 3 

ASz/z<*C, 

50 : .IS 3 

1 

i 4 

A 4 o 

mm 


AoS 

/9 

m 4 

/c 

J< 40 >/. fo<? 

,^2 g/z 3? 


(4 

.olB 


j 

,o% 

/9 


1 0 

,©#/ /.o&o 

,3x8//£o 

r™“* 

O 

.o50 

'4 

Ms 

w 


.030 

/9 



.03*/ 



{ 0 

,0^7^/032 

.22/ /. /oa. 

^ 

-• 

,ox£ 

>4 

.01.4 

2.1 



.o/k 

?7 

.on 

to 

.0 24/0/G 

73s/oSY 

MJli 

<4 

, Oil 

a 



,c>o7 

/9 

.007 

to 

( o//oo? 

,ot/ /ozS" 

l 

.007 

< 4 . 

.ooG 




.oo*/ 

c? 

.oo4 

to 

00*4 

.oio/o/'G 

0.5 

.oo4 

i 4 

.DO 4 / 

2.0 



.00 2. 

n 

,ooz 

to 


.031-/. 00 ? 
— 

0.2 

,007. 

i4 

.06 2. 

20 



.002- 

n 

.002. 

to 

,Ofl>x/oo2 

.OTo/oZ© 

0.1 

.00*2. 

(4 

.002. 

2.0 



.OO/ 

n 

.00/ 

10 

.002/00 / 

.0^0 /,o (0 


Note: All pressures in PSIA. 

^ A-S 27 3 o 


i/2 milliwatts 

POWER = L_ Watts 10 3 Watt : Milliwatts 

R 




































































































































































& W 02 2 i* 


TABLE VII 

CHARGE RETENTION TEST DATA 


SERIAL 

NUMBER 

END-OF- CHARGE 

24 HR. OCV 

1 WEEK OCV 

END-OF-DISCHARGE 

CELL 

(VOLTS) 

AUX. 

ELECT 

(volts; 

PRESS 

(PSIA) 

CELL 

(volts 

AUX. 
ELECT. 
* (VOLTS 

PRESS. 
) (PSIA) 

CELL 

(VOLTS 

AUX. 

ELECT 

(VOLTS 

PRESS. 

(PSIA) 

CAPAC- 

ITY 

(AH) 

AUX. 

ELECT 

(VOLTS) 

PRESS. 

(PSIA) 

OOf 

/.v^y 

. svy* 

48 

(.303 

,A¥4 

5" 

/. 3/y 

,ooH 

V 

27.0 

-.3*70 

y 

OOZ 

!M ST- 

,yyz 

42 

A 34 3 

,/2.( 

5* 

/.3<y 

.003 

V 

27,3 

-. 08 *? * 

z 

003 

/<¥57 

,y44 

Hi 

/,36>y 

, 0 ? 4 

¥ 

A 30' 

,ooy 

2 

Z 7.0 

-.273 

<? 

oo4 

tM^I 

, 5" 13 

57 

A 343 

.111 

£> 

/.3^5- 

,o 0 y 

S' 

Z7,( * 

-,33V 

y x 

ooS' 

14SZ. 

,rs"y 

57 

/.34 3 

.138 

7 

/3(3 

.oo</ 

4 

z4'(s 

-.205* 


ooL 

/.¥53 

. TOO 

5*4 

A34y 

*/23 

5" 

A 3(5" 

,oo¥ 

5" 

27. ( * 

-n 3 

3 

007 ‘ 

/.yr3 

.3VO 

53" 

/.34V 

704 


A3/4 

.ooy 

4, 

. * 

2T?./ 

- 305* 

5 - 

ooV , 

/,¥57 

.S'? 2. 

Va 

A 340 

.a/ 

5" 

A3< 3 

<oo? 

y ‘ 

27,7 

-038 

y 

00*7 


.537 

45" 

A 34a 

,/z¥ 

5~ 

A3(3 

,005 

y 

J K 
Z7,5 

-.33^ 

y 

0(6 

/AHl 

.yss* 

5*5" 

(.342 

.(OS 

5“ 

f<3(3 

,oc4 

Y 

28 , f 

-/88 

y 














oof 

Ays*s* 

.y?3 

3/ 

/.343 

,0*?3 

S~ 

A3/Z* 

,00*7 

3 

47.8 

-.273 

3 

ooz 

t.H&H 


32 

A3t¥ 

,(Z( 

tS~ 

/.3/y 

.oo% 

S' 

47.8 

-775* 

y 

003 

A¥:r5* 

.y/z 

33 

/.3ty 

>0*7 *7 

H 

A3*y 

.007 

y 

48.2- 

-. f5*7 

y 

oo*/ 

/Mtro 

.y?y 

33 

fiZ(oH 

.018 

3 

A 3/5* 

.ooG 

a 

427 

-.oSz 

( 

ooS* 

/.Hsn 

.502. 

Ho 

A 3W 

./// 

Cs 

A3(¥ 

,007 

5* 

48. ( 

-.048 

y 

oOG 

(,45? 

.534 

35* 

(<3C>H 

.7? 

H 

A3/y 

<007 

y 

2.7.7 

-.2(3 

a 

007 

A¥5? 

Moz. 

2-S 

(<Z<*<4 

.0*7 2. 

2. 

A3<y 

.ooG 

a 

z2,/ 

WEI 

7 

co? 

A ¥57 

.5"8z 

37 

A 343 

.fz7 

z 

A3(Z 

.007 

f 

Z8A 

~ /8y 

/ 

crtj 

/.H'S'O 

.HH3 

ys* 

/. 343 

.078 

n 

(3((c 

*OJ3 


28 , z 

-70S" 

? 

0/0 

/MSI 

.577 

32 

/<343 

. AZ 

3 

A3 17 

.0^5* 

2 . 

27.7 

-,o¥3 

2 















c*(U 

Beuc 

/?sed 

0*0 <i 

ispii 

99 


BS9E 

BOB 

ns 

son 



































% 
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